The method for producing a dilute solution of hydrogen peroxide by reduction of oxygen was examined. In preliminary experiments with an H-type dual-compartment reactor, the most suitable conditions were determined to be as follows. The reaction temperature was 288K, the cathode graphite, the anode nickel, the catholyte 1 mol dm"3 KC1 plus 0.01 mol dm 3 NaOHsolution and the anolyte 1 mol dm 3 NaOHsolution. In the packedbed electrode reactor with graphite particles, the rate and the current efficiency of producing hydrogen peroxide were dependent on the initial bed overpotential, the liquid velocity in the reactor and the oxygen flow rate in the catholyte tank. The production rate of hydrogen peroxide at an initial bed overpotential of -0.4 V was clarified by the model analysis under the limiting current condition.
Introduction
Today, most effluents containing organic compounds are treated by the biological process. Meanwhile, chemical oxidative degradation is needed for other wastes which cannot be easily decomposed by the biological action. In the previous paper,9) it was shown that an effluent containing dilute phenol could be degraded oxidatively with Fenton's reagent of hydrogen peroxide and ferrous ion. On-site generation of hydrogen peroxide is therefore useful in treating waste water containing organic compounds by Fenton's reagent. The established methods for producing hydrogen peroxide are the hydrolysis of peroxodisulfuric acid formed by the electrooxidation of concentrated sulfate solution and the autooxidation of anthraquinols.
An alternative method of generating hydrogen peroxide is the electroreduction of oxygen in alkaline solutions.
This method was investigated nearly 40 years ago by Berl2) and Mizuno4) and has been studied recently by Olomanet al.5~1) in electrolysers with graphite particles and by Kasterning et al.3 ) with a porous gas diffusion electrode.
The purpose of this work is to determine the operational conditions for producing hydrogen peroxide by the reduction of oxygen in an H-type dualcompartment reactor and the packed-bed electrode reactor.
1. Experimental
Preliminary experiments in batch operation
AnH-type dual-compartment reactor was used for Received March 1, 1985 . Correspondence concerning this article should be addressed to M. Sudoh hydrogen peroxide was examined with the packed-bed electrode reactor of graphite particles shown in Fig. 1 . The experimental conditions were selected from the results in the preliminary runs. The electrolytes separated by the membrane (CMV)flowed through the reactor and recycled to their respective storage tanks.
Oxygen was dispersed with a porous glass sparger into the catholyte tank. The catholyte temperature was controlled by a thermostat at 288K. The concentrations of the dissolved oxygen in the catholyte at the inlet and the outlet of the reactor were measured with an oxygen sensor (Beckman 02 monitor). The volumes of the catholyte and the anolyte were 2dm3 each. For a recycle operation, the liquid volume Reaction II: HO2"+H2O+2e"^3OH" (2) Figure 3 shows that the cathodic current increases with increasing negative overpotential in the range of (-rj)<0.25V and reaches an almost constant value, the limiting current, in the range of 0.25<(-?/)< 0.4V. The limiting current is proportional to the mass transfer rate of the dissolved oxygen to the cathode surface, where the dissolved oxygen is reduced to peroxide ion. This peroxide ion is further reduced to hydroxide ion, and the rate of this reaction is accelerated in the range of (-*/)>0.4V, the cathodic current increasing again at more negative overpotential. Then, peroxide ion might be produced and accumulated effectively at about (-rj)= For preparing Fenton's reagent,9) concentrated alkaline solution must be adjusted to a desirable pH range of 3-4.5 with acids. Meanwhile, Ce for electrolysis in an acidic solution was lower than that for an alkaline solution. Therefore, dilute alkaline solution might be favorable for producing a dilute solution of hydrogen peroxide from the viewpoint of the higher value of Ce and low consumption of acids for adjusting pH. The electrolysis conditions in the packed-bed electrode reactor were decided as follows: The catholyte was 1mol-dm'3 KC1 plus 0.01mol-dm"3 NaOH solution, the anolyte 1 mol-dm"3 NaOHsolution, the ings, as reported here, the local value of the negative overpotential decreases with increasing current. The current at £/L=2.67cm-s~1 was higher than that at t/L=0.67cm-s~1 since the concentration of the dissolved oxygen in the bed was higher, as mentioned below, and the liquid-solid mass transfer rate of the dissolved oxygen was enhanced with increasing UL.
As the local value of the negative overpotential became smaller with increasing C/L, Ce depending on the overpotential was higher with increasing ULat the same value of rjib. Details of the overpotential in the bed were discussed elsewhere. The observed values of kmAapwere correlated with UL by Eq. (6) in the range of UL=0.6-3.0cm-s"1.
kmAap=0.6l4U°L 52 (6) kLa value in the catholyte tank was obtained by using Eq. (A-5) and the measured values of CA0 and CAH.
The observed values of kLa were correlated with G by Eq. (7) in the range of G=2.0-70.0cm3-s"1.
kLa=2.2\G0 51 (7) At (-*7ib)=0.4V, Ce was below 100%, as shown in Fig. 6 . Therefore, the value of Ro described in the model analysis was a little different from the observed one RN. Then, Ro was calculated from RN and Ce values as follows. RN was given by the difference between Ro and the reduction rate RP of peroxide ion according to Reaction II. Ce is defined as follows.
Ce= £N/(i?o+ i?P) x l00% (9) *J See Appendix.
From Eqs. (8) and (9), Ro= RN(l00+ Ce)/2Ce (10) The values of (100+Ce)/2Ce in Eq. (10) were 1.06 and 1.125 at 90% and 80% of Ce, respectively. Figure 6 shows the Ro obtained by using Eq. (10) and the observed values of RNand Ce agrees with the calculated value from Eq. (4). Since the dissolved oxygen concentration at the reactor inlet increased with increasing G, the production rate of hydrogen peroxide increased with increasing G. The broken line in Fig. 6 indicates the maximumproduction rate when the dissolved oxygen concentration at the reactor inlet is the saturated value of 1.2x 10~3mol-dm~3.
C onclusion
The most suitable conditions for producing hydrogen peroxide from oxygen were determined to be as follows. The reaction temperature was 288 K, the cathode graphite, the anode nickel, the catholyte lmol-dm"3 KC1 plus O.Olmol-dm"3 NaOH solution and the anolyte 1 mol-dm~3 NaOH solution.
The highest concentration of hydrogen peroxide was obtained at -0.6V of the initial bed overpotential for the packed-bed electrode reactor. Current efficiency decreased with increasing negatively the initial bed overpotential.
The effects of liquid velocity and oxygen flow rate on the production rate of hydrogen peroxide were clarified by the model analysis applicable to the limiting current region.
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Appendix: Calculation of the production rate of hydrogen peroxide Figure A -l shows the model of a liquid recycling system consisting of the catholyte tank, assumed to be a perfect mixing tank, and the packed-bed electrode reactor, assumed to be a plug-flow reactor. The limiting current IL for producing hydrogen peroxide is given by Faraday's law with the difference of the dissolved oxygen concentration between the inlet and the outlet of the reactor.
The charge balance is obtained by assuming plug flow in the reactor under the limiting current density.
-ULdCA/dz = ap( -i)l2F= kmAapCA (A-2)
The boundary condition is 
Introduction
Thermal decomposition of coal using a plasma have been studied for the production of acetylene, and many papers2~4 '8'9'15'17) have appeared in this field. However, these results are not quantitative because they depend on manydifferent experimental conditions, e.g., the experimental apparatus, kind of coal, input power, plasma flow rate, coal particle size, etc. Only qualitative information has been available.
In this paper, the conversion (defined in section 1.3) was quantitatively investigated. Particles of coal were injected into a thermal argon plasma in a tube, were heated by the plasma, decomposed thermally, and evolved gaseous products. Radial profiles of the temperature of a coal particle were estimated by numerical calculation, and the conversion to gaseous products was calculated by the energy balance in place of the usual numerical analysis. The assumptions used in this study were examined by numerical calculation. 1. Experiments
Experimental apparatus
The experimental apparatus consists of a plasma generator, a reacting tube, a cooling tube, a coal feeder and a gas chromatograph as shown in Fig. 1 . Figure 2 is a sectional diagram of the plasma generator and the reacting tube. The thermal plasma is generated by an arc discharge between a nozzle anode (8mm i.d. and 40mm in length) and a tungsten rod 
